植物ポリケタイド合成酵素の触媒機能の拡張と非天然型化合物群の創出 by 森田 洋行
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㸯㸬ࡣࡌࡵ࡟
་⸆㈨※࡜ࡋ࡚ࡶ㔜せ࡞ኳ↛≀ࡢᇶᮏ㦵᱁ࢆᵓ⠏ࡍࡿ஧ḟ௦ㅰ㓝⣲ࡢ୰࡟ࡣ㸪άᛶ㒊఩ࡢᚤጁ࡞ᵓ㐀
ࡢ㐪࠸࡟ࡼࡾᇶ㉁≉␗ᛶࡸ཯ᛂᵝᘧࡀ኱ࡁࡃኚ໬ࡍࡿࡶࡢࡀ࠶ࡾ㸪ࡇࢀࡀኳ↛≀ࡢከᵝᛶࢆ⏕ࡳฟࡍ኱
ࡁ࡞せᅉ࡟࡞ࡗ࡚࠸ࡿ㸬ࡲࡓ㸪୍⯡࡟㸪㓝⣲ࡢᇶ㉁≉␗ᛶࡣཝᐦ࡛⮬⏤ᗘࡀప࠸ࡶࡢ࡜ࡉࢀ࡚࠸ࡿࡀ㸪
ࡇࢀࡽࡢ୰࡟ࡣᐶᐜ࡞ᇶ㉁≉␗ᛶࡸ₯ᅾⓗゐ፹⬟ຊࢆ᭷ࡍࡿࡶࡢࡶ࠶ࡿ㸬ᡃ ࠎࡣ㸪஧ḟ௦ㅰ⏘≀ࡢᵓ㐀
ከᵝᛶࡢ๰ฟ࡟㛵ࢃࡿ㝈ࡽࢀࡓᩘࡢ C-C ⤖ྜᙧᡂ⬟ࢆ᭷ࡍࡿ⏕ྜᡂ㓝⣲ࡢ⏕≀᭷ᶵ⛉Ꮫ࡜ᵓ㐀⏕≀Ꮫ
ࡢ」ྜⓗ᳨ウࡀ㸪de novo ྜᡂ࡟ࡶᛂ⏝ྍ⬟࡞᪂ࡓ࡞⏕యゐ፹ࡢ㛤ᣅ࡜↓㝈ࡢศᏊከᵝᛶࡢ๰ฟ࡟⤖ᐇ
ࡍࡿࡇ࡜ࢆಙࡌ㸪஧ḟ௦ㅰ㓝⣲ࡢᶵ⬟ゎᯒ࡜᪂つ໬ྜ≀⩌ࡢ㓝⣲ྜᡂἲࡢ㛤ᣅ࡟ྲྀࡾ⤌ࢇ࡛࠸ࡿ㸬
ᮏ✏࡛ࡣ㸪ࣇࣛ࣎ࣀ࢖ࢻࡸࢫࢳࣝ࣋ࣥ➼㸪་⸆㈨※࡜ࡋ࡚ࡶ㔜せ࡞᳜≀࣏ࣜࣇ࢙ࣀ࣮ࣝࡢᇶᮏ㦵᱁ࢆ
ᵓ⠏ࡍࡿ᳜≀⏤᮶Ϫᆺ࣏ࣜࢣࢱ࢖ࢻྜᡂ㓝⣲㸦PKS㸧ࢆྲྀࡾୖࡆࡿ㸬ࡇࢀࡽࡣ㸪཯ᛂࡢ❧య໬Ꮫࡀཝᐦ
࡟ไᚚࡉࢀࡓࠕ⢭ᕦ࡞㓝⣲ࢩࢫࢸ࣒࡛ࠖ࠶ࡿ࡜ࡣゝ࠸㞴ࡃ㸪ࡴࡋࢁ༢⣧࡞࢔ࢩࣝᇶ㌿⛣ࡢ⧞ࡾ㏉ࡋ࡟ࡼ
ࡿࠕⅣ⣲㙐ఙ㛗࣐ࢩࣥࠖ࡜ᤊ࠼ࡿࡇ࡜ࡀ࡛ࡁࡿ 1,2)㸬Cys-His-Asn࠿ࡽ࡞ࡿάᛶ୰ᚰゐ፹ṧᇶࡣ㸪඲࡚ࡢ
Ϫᆺ PKS࡟࠾࠸࡚౛እ࡞ࡃಖᏑࡉࢀ࡚࠾ࡾ㸪ྠ୍ࡢࢣ࣑ࢫࢺ࣮࡛ࣜ㸪࣐ࣟࢽࣝ CoAࡢ⬺Ⅳ㓟ࢆకࡗࡓ
Claisen⦰ྜࡢ⧞ࡾ㏉ࡋ࡟ࡼࡿⅣ⣲㙐ఙ㛗཯ᛂࡀ㐍⾜ࡍࡿ㸬ᡃࠎࡣ㸪Ϫᆺ PKSࡢ㓝⣲ᕤᏛⓗ᳨ウࡀ๰⸆
ࢩ࣮ࢻ࡜ࡶ࡞ࡾᚓࡿ↓㝈ࡢ㦵᱁ከᵝᛶࢆ⏕ࡳฟࡋᚓࡿࡇ࡜ࢆ㸪Ϫᆺ PKSࡢᇶ㉁ᵓ㐀࡟࢔ࣞࣥࢪࢆຍ࠼㸪
࠿ࡘ㸪Ϫᆺ PKSࡢ㓝⣲ゐ፹ᶵ⬟ࢆᨵኚࡋ࡚Ϫᆺ PKSࡀゐ፹ࡍࡿ࣐ࣟࢽࣝ CoAࡢ⦰ྜᅇᩘࢆᣑᙇࡍࡿࡇ
࡜࡟ࡼࡗ࡚ᐇドࡋ࡚ࡁࡓ㸬௒ᅇࡣ㸪Ϫᆺ PKSࡢ X⥺⤖ᬗᵓ㐀ゎᯒ࡜㸪ࡑࢀࢆᇶ┙࡜ࡋࡓྜ⌮ⓗ࡞㓝⣲
ゐ፹ᶵ⬟ࡢᣑᙇ࡟ࡼࡿ᪂つ໬ྜ≀ࡢ๰ฟ࡟ࡘ࠸࡚⤂௓ࡍࡿ㸬
㸰㸬᳜≀࣏ࣜࣇ࢙ࣀ࣮ࣝࡢᇶᮏ㦵᱁ࢆᵓ⠏ࡍࡿϪᆺ 3.6࡟ࡘ࠸࡚
 ᳜≀⏤᮶Ϫᆺ PKSࡣ㸪ศᏊ㔞⣙㸲୓ࡢࢧࣈࣘࢽࢵࢺ࠿ࡽ࡞ࡿ㸪ࢣࢺྜᡂ㓝⣲㸦KS㸧ࡢࡳ࡛ᵓᡂࡉࢀ
ࡓ࣍ࣔࢲ࢖࣐࣮㓝⣲࡛࠶ࡾ㸪ࣇࣛ࣎ࣀ࢖ࢻࡸࣞࢫ࣋ࣛࢺ࣮ࣟࣝ➼㸪᳜≀ࡀ⏕⏘ࡍࡿ࣏ࣜࣇ࢙ࣀ࣮ࣝ㢮ࡢ
ᇶᮏ㦵᱁ࢆᵓ⠏ࡍࡿ㓝⣲⩌࡛࠶ࡿ 1,2)㸬౛࠼ࡤ㸪᳜≀࡟ᬑ㐢ⓗ࡟Ꮡᅾࡍࡿࣇࣛ࣎ࣀ࢖ࢻࡢ㦵᱁ࢆᵓ⠏ࡍ
ࡿ࢝ࣝࢥࣥྜᡂ㓝⣲㸦CHS㸧ࡣ㸪1ศᏊࡢࢡ࣐ࣟ࢖ࣝ CoAࢆ㛤ጞᇶ㉁࡜ࡋ࡚㸪3ศᏊࡢ࣐ࣟࢽࣝ CoA࡟
⏤᮶ࡍࡿ C2༢఩ࢆ㡰ḟ⦰ྜࡢᚋ㸪ࢡࣛ࢖ࢮࣥᆺࡢ㛢⎔཯ᛂࡀ㐍⾜ࡋ࡚㸪ⰾ㤶⎔ࢆᙧᡂࡋ㸪ࢼࣜࣥࢤࢽ
ࣥ࢝ࣝࢥࣥࢆ⏕ᡂࡍࡿ㸦ᅗ㸯㸧㸬ࡇࢀ௨እ࡟ࡶ㸪ࣈࢻ࢘➼ࡢ㝈ࡽࢀࡓ᳜≀࡟ศᕸࡍࡿࢫࢳࣝ࣋ࣥྜᡂ㓝
⣲㸦STS㸧ࡸ࣍ࢵࣉࡢࣂࣞࣟࣇ࢙ࣀࣥྜᡂ㓝⣲㸦VPS㸧➼㸪ᵝࠎ࡞ᶵ⬟ࢆ᭷ࡍࡿϪᆺ PKSࡀ▱ࡽࢀ࡚࠸
㸫㸫
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 ࡿ㸦ᅗ㸯㸧㸬ࡇࡢࡼ࠺࡞ศᏊከᵝᛶࢆ⏕ࡳฟࡍせᅉ࡜ࡋ࡚㸪㓝⣲཯ᛂࡢ㛤ጞᇶ㉁㸪࣏ࣜࢣࢱ࢖ࢻ㙐㛗ࢆ
Ỵᐃࡍࡿ࣐ࣟࢽࣝ CoAࡢ⦰ྜᅇᩘ㸪ࡑࡋ࡚᭱⤊ⓗ࡞㛢⎔཯ᛂᵝᘧࡢ㐪࠸ࡀᣲࡆࡽࢀࡿ㸬
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ᅗ㸯 ᳜≀࣏ࣜࣇ࢙ࣀ࣮ࣝ㢮ࡢ⏕ྜᡂ࡟㛵ࢃࡿ௦⾲ⓗ࡞Ϫᆺ 3.6
CHS㸹࢝ࣝࢥࣥྜᡂ㓝⣲㸪STS㸹ࢫࢳࣝ࣋ࣥྜᡂ㓝⣲㸪VPS㸹ࣂࣞࣟࣇ࢙ࣀࣥྜᡂ㓝⣲㸪2-PS㸹2-࣓ࢳ
ࣝࣃ࢖ࣟࣥྜᡂ㓝⣲㸪BAS㸹࣋ࣥࢨࣝ࢔ࢭࢺࣥྜᡂ㓝⣲㸬
 Ϫᆺ PKS ࡢ㓝⣲཯ᛂࡣ㸪༢㔞యࡑࢀࡒࢀࡢ࡯ࡰ୰ኸ㒊࡟୍ࡘࡎࡘᏑᅾࡍࡿάᛶ୰ᚰ࢟ࣕࣅࢸ࢕࡟㸪
࢔ࢩࣝᇶࡀྲྀࡾ㎸ࡲࢀࡿࡇ࡜࡟ࡼࡗ࡚㛤ጞࡍࡿ㸬ࡇࢀ࡟ࡼࡾ㸪㞄᥋ࡍࡿ His࡜ࡢỈ⣲⤖ྜ࡟ࡼࡾᏳᐃ໬
ࡉࢀࡓάᛶ୰ᚰ Cysࡢࢳ࣮࢜ࣞࢺ࢔ࢽ࢜ࣥࡀ㸪㛤ጞᇶ㉁ࡢ࢝ࣝ࣎ࢽࣝⅣ⣲ࢆồ᰾ᨷᧁࡍࡿ㸬ḟ࠸࡛ࡇࡢ
Cysṧᇶࢆ㉳Ⅼ࡜ࡋ࡚㸪ఙ㛗ᇶ㉁࣐ࣟࢽࣝ CoAࡢ⬺Ⅳ㓟ࢆకࡗࡓ࢔ࢩࣝᇶࡢ㌿⛣ࢆ⧞ࡾ㏉ࡋ㸪༶ࡕ㸪Ⅳ
⣲㙐ఙ㛗ࡢᗘ࡟࠸ࡗࡓࢇᙧᡂࡉࢀࡓࢳ࢚࢜ࢫࢸࣝ⤖ྜࡀ㛤⿣ࡋ࡚㸪ࡑࡇ࡟᪂ࡓ࡞ C2༢఩ࡢᤄධࢆ⧞ࡾ
㏉ࡋ㸪᭱ ᚋ࡟ β-࣏ࣜࢣࢺ࣓ࢳࣞࣥ୰㛫యࡀࢡࣛ࢖ࢮࣥ࠶ࡿ࠸ࡣ࢔ࣝࢻ࣮ࣝᆺࡢ⦰ྜ࡟ࡼࡾ㛢⎔ࡋ࡚㸪㓝
⣲཯ᛂࢆ⤊஢ࡍࡿ㸬ࡇࡢ㛫㸪His࡜ Asnṧᇶࡣ㸪࢜࢟ࢩ࢔ࢽ࣭࣮࢜ࣥ࣍ࣝࢆᙧᡂࡋ㸪࣐࢖ࢼࢫ࡟Ⲵ㟁ࡋ
ࡓ㑄⛣≧ែ୰㛫యࢆᏳᐃ໬ࡍࡿࡇ࡜࡟ࡼࡾ㸪࣐ࣟࢽࣝ CoA ࡢ⬺Ⅳ㓟࡜ࡑࡢ⤖ᯝ⏕ࡌࡿ࢚ࣀ࣮ࣛࢺ࢔ࢽ
࢜ࣥࡢồ᰾ᨷᧁࢆಁ㐍ࡍࡿ㸦ᅗ㸰㸧㸬
ࡇࡢ Cys-His-Asn࠿ࡽ࡞ࡿάᛶ୰ᚰゐ፹ṧᇶࡣ㸪ᶵ⬟ࡢ␗࡞ࡿ඲࡚ࡢϪᆺ PKS࡟࠾࠸࡚ಖᏑࡉࢀ࡚࠾
ࡾ㸪ྠ ୍ࡢ཯ᛂᶵᵓ࡛࣏ࣜࢣࢱ࢖ࢻ㙐ఙ㛗཯ᛂࡀ㐍⾜ࡍࡿࡶࡢ࡜⪃࠼ࡽࢀ࡚࠸ࡿ㸬௒᪥࡛ࡣ㸪CHSࢆࡣ
ࡌࡵ࡜ࡋ࡚㸪᪤࡟ 12✀㢮ࡢ㓝⣲ࡢ X⥺⤖ᬗᵓ㐀ゎᯒࡀ࡞ࡉࢀ࡚࠾ࡾ㸪࠸ࡎࢀࡢ㓝⣲ࡶ㸪ࢱࣥࣃࢡ㉁඲
㸫㸫
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 య࡜ࡋ࡚ࡣ㸪࡯ࡰྠ୍ࡢ❧యᵓ㐀ࢆඹ᭷ࡍࡿࡇ࡜㸪άᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࡣࢱࣥࣃࢡ㉁ᵓ㐀ࡢ୰ᚰ㒊࡟఩
⨨ࡋ࡚࠾ࡾ㸪ࡇࢀ࡟ CoA ࢚ࢫࢸࣝࡢᇶ㉁⤖ྜࢺࣥࢿࣝࡀࢱࣥࣃࢡ⾲㠃࠿ࡽ㏻ࡌ࡚࠸ࡿࡇ࡜㸪άᛶ୰ᚰ
ゐ፹ṧᇶ Cys-His-Asnࡀάᛶ୰ᚰ࢟ࣕࣅࢸ࢕࡜ᇶ㉁⤖ྜࢺࣥࢿࣝࡢቃ⏺࡟఩⨨ࡋ࡚࠸ࡿࡇ࡜➼ࡀ᫂ࡽ࠿
࡟࡞ࡗ࡚࠸ࡿ 1-5)㸬ࡲࡓ㸪ࡇࢀࡲ࡛ࡢゎᯒ࡟ࡼࡾ㸪Ϫᆺ PKSࡢᶵ⬟ከᵝᛶࡣ㸪άᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࡢ኱
ࡁࡉ࡜ᙧ≧࡟ࡼࡗ࡚୺࡜ࡋ࡚Ỵᐃࡉࢀࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ㸬୍᪉㸪Ϫᆺ PKSࡣ஫࠸࡟ 50%௨ୖࡢ
࢔࣑ࣀ㓟㓄ิ┦ྠᛶࢆ♧ࡋ㸪ࡋ࠿ࡶάᛶ㒊఩ࡢᚤጁ࡞ᵓ㐀ࡢ㐪࠸࡟ࡼࡾ㸪ࡑࡢ཯ᛂ≉␗ᛶࡸ⏕ᡂ≀≉␗
ᛶࡀ኱ࡁࡃኚ໬ࡍࡿࡓࡵ㸦ྠ୍ࡢ࢔࣑ࣀ㓟ṧᇶ࡛ࢥ࣮ࢻࡉࢀ࡚࠸ࡓ࡜ࡋ࡚ࡶ㸪✵㛫ⓗ࡞㓄⨨ࡸ㓄ྥ࡟㐪
࠸ࡀ⏕ࡌ࡚࠸ࡿሙྜࡀ࠶ࡿ㸟㸧㸪࢔࣑ࣀ㓟㓄ิ࠿ࡽᶵ⬟ࢆ᏶඲࡟ண ࡍࡿࡇ࡜ࡣ୙ྍ⬟࡛࠶ࡿ㸬
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ᅗ䠎㻌 䊢ᆺ䝫䝸䜿䝍䜲䝗ྜᡂ㓝⣲䛾㓝⣲཯ᛂᶵᵓ 
(A) άᛶ୰ᚰ Cysṧᇶ࡬ࡢ㛤ጞᇶ㉁ࡢ⤖ྜ㸪(B) ࣐ࣟࢽࣝ CoAࡢ⬺Ⅳ㓟㸪(C) ࣏ࣜࢣࢺ࣓ࢳࣞࣥ CoA࢚
ࢫࢸࣝࡢ⏕ᡂ㸪(D) άᛶ୰ᚰ Cysṧᇶ࡬ࡢ࣏ࣜࢣࢺ࣓ࢳࣞࣥࡢ⤖ྜ㸪(E) ࢡࣛ࢖ࢮࣥᆺࡢ㛢⎔཯ᛂ➼㸬 
㸱㸬࢟ࢲࢳ࢔࢚ࣟ⏤᮶᪂つϪᆺ 3.6ࡢ㹖⥺⤖ᬗᵓ㐀ゎᯒ࡜ᶵ⬟ࡢᣑᙇ
 ⸆⏝᳜≀࢟ࢲࢳ࢔࢚ࣟ㸦Aloe arborescens㸧࠿ࡽᚓࡽࢀࡓ࣌ࣥࢱࢣࢱ࢖ࢻࢡࣟࣔࣥྜᡂ㓝⣲㸦PCS㸧࡜
࢜ࢡࢱࢣࢱ࢖ࢻྜᡂ㓝⣲㸦OKS㸧ࡣ㸪ࡇࢀࡲ࡛࡟౛ࡢ࡞࠸඲ࡃ᪂ࡋ࠸ࢱ࢖ࣉࡢϪᆺ PKS࡛࠶ࡿ 6,7)㸬஫
࠸࡟ᚤጁ࡟␗࡞ࡿ㓄ิࢆ᭷ࡍࡿࡇࡢ㸰ࡘࡢ㓝⣲ࡣ㸪᳜≀࡟ᬑ㐢ⓗ࡟Ꮡᅾࡍࡿ CHS ࡜ࡣ࢔࣑ࣀ㓟ࣞ࣋ࣝ
࡛⣙ 60㸣ࡢ㓄ิ┦ྠᛶࢆ♧ࡍࡶࡢࡢ㸪CHS ࡢࡼ࠺࡟ࢼࣜࣥࢤࢽࣥ࢝ࣝࢥࣥྜᡂ⬟ࡣ♧ࡉࡎ㸪ࡑࢀࡒࢀ
㸳ศᏊ࠶ࡿ࠸ࡣ㸶ศᏊࡢ࣐ࣟࢽࣝ CoAࢆ┤᥋⦰ྜࡋ࡚ⰾ㤶᪘࣏ࣜࢣࢱ࢖ࢻࢆ⏕ᡂࡍࡿ㸦ᅗ㸱㸪㸲㸧㸬PCS
ࡀ⏘⏕ࡍࡿࢡࣟࣔࣥࡣ㸪ᢠႍᜥ࣭ᢠ࢔ࣞࣝࢠ࣮⸆ࡢ࣮ࣜࢻ໬ྜ≀࡜ࡋ࡚᭷ྡ࡞ࢣ࣮ࣜࣥ➼ࡢ⏕⌮άᛶࣇ
ࣟࢡࣟࣔࣥࡢ⏕ྜᡂ๓㥑య࡜࡞ࡿ㸬୍ ᪉㸪OKSࡀ⏘⏕ࡍࡿ SEK4/SEK4bࡣ㸪ᨺ⥺⳦ࡢϩᆺࡢ minimal PKS
㸦㑏ඖ㓝⣲➼ࡢࢧࣈࣘࢽࢵࢺࢆḞⴠࡉࡏࡓϩᆺ PKS ࡢ᭱ᑠ༢఩ࡢ㓝⣲」ྜయ㸧ࡀ⏘⏕ࡍࡿ௦ㅰ⏘≀࡜
ࡋ࡚▱ࡽࢀ࡚ࡣ࠸ࡿࡶࡢࡢ㸪Ϫᆺ㓝⣲࡟ࡼࡿ࣐ࣟࢽࣝ CoA ࡢ㸶ศᏊࡢ⦰ྜࡣࡇࢀࡀ᭱ึ࡛࠶ࡾ㸪᭱ከ
࡛࠶ࡗࡓ㸬
㸫㸫
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 M s C H S1 - - - - - - - - - - M V S V S E I R K A Q R A E G P A T I L A I G T A N P A N C V E Q S T Y P D F Y F K I T N S E H K T E L K E K F Q R M C D K S M I K R R Y M
P s S T S 1 - - - - - - - - M G G V D F E G F R K L Q R A D G F A S I L A I G T A N P P N A V D Q S T Y P D F Y F R I T G N E H N T E L K D K F K R I C E R S A I K Q R Y M
G h 2 P S1 - - - - - M G S Y S S D D V E V I R E A G R A Q G L A T I L A I G T A T P P N C V A Q A D Y P D Y Y F R V T K S E H M V D L K E K F K R I C E K T A I K K R Y L
A a P C S1 M S S L S N S L P L M E D V Q G I R K A Q K A D G T A T V M A I G T A H P P H I F P Q D T Y A D V Y F R A T N S E H K V E L K K K F D H I C K K T M I G K R Y F
A a O K S1 M S S L S N A S H L M E D V Q G I R K A Q R A D G T A T V M A I G T A H P P H I F P Q D T Y A D F Y F R A T N S E H K V E L K K K F D R I C K K T M I G K R Y F
M s C H S7 1 Y L T E E I L K E N P N V C E Y M A P - S L D A R Q D M V V V E V P R L G K E A A V K A I K E W G Q P K S K I T H L I V C T T S G V D M P G A D Y Q L T K L L G
P s S T S7 3 Y L T E E I L K K N P D V C A F V E V P S L D A R Q A M L A M E V P R L A K E A D E K A I Q E W G Q S K S G I T H L I F C S T T T P D L P G A D F E V A K L L G
G h 2 P S7 6 A L T E D Y L Q E N P T M C E F M A P - S L N A R Q D L V V T G V P M L G K E A A V K A I D E W G L P K S K I T H L I F C T T A G V D M P G A D Y Q L V K L L G
A a P C S8 1 N Y D E E F L K K Y P N I T S Y D E P - S L N D R Q D I C V P G V P A L G T E A A V K A I E E W G R P K S E I T H L V F C T S C G V D M P S A D F Q C A K L L G
A a O K S8 1 N Y D E E F L K K Y P N I T S F D E P - S L N D R Q D I C V P G V P A L G A E A A V K A I A E W G R P K S E I T H L V F C T S C G V D M P S A D F Q C A K L L G
M s C H S1 5 0L R P Y V K R Y M M Y Q Q G C F A G G T V L R L A K D L A E N N K G A R V L V V C S E V T A V T F R G P S D T H L D S L V G Q A L F G D G A A A L I V G S D P V
P s S T S1 5 3L H P S V K R V G V F Q H G C F A G G T V L R M A K D L A E N N R G A R V L V I C S E T T A V T F R G P S E T H L D S L V G Q A L F G D G A C A L I V G A D P I
G h 2 P S1 5 5L S P S V K R Y M L Y Q Q G C A A G G T V L R L A K D L A E N N K G S R V L I V C S E I T A I L F H G P N E N H L D S L V A Q A L F G D G A A A L I V G S G P H
A a P C S1 6 0L H A N V N K Y C I Y M Q G C Y A G G T V M R Y A K D L A E N N R G A R V L V V C A E L T I M M L R A P N E T H L D N A I G I S L F G D G A A A L I I G S D P I
A a O K S1 6 0L R T N V N K Y C V Y M Q G C Y A G G T V M R Y A K D L A E N N R G A R V L V V C A E L T I I G L R G P N E S H L D N A I G N S L F G D G A A A L I V G S D P I
M s C H S2 3 0P E I E K P I F E M V W T A Q T I A P D S E G A I D G H L R E A G L T F H L L K D V P G I V S K N I T K A L V E A F E P L G I S - - - D Y N S I F W I A H P G G
P s S T S2 3 3P Q V E K A C F E I V W T A Q T V V P N S E G A I G G K V R E V G L T F Q L K G A V P D L I S A N I E N C M V E A F S Q F K I S - - - D W N K L F W V V H P G G
G h 2 P S2 3 5L A V E R P I F E I V S T D Q T I L P D T E K A V K L H L R E G G L T F Q L H R D V P L M V A K N I E N A A E K A L S P L G I T - - - D W N S V F W M V H P G G
A a P C S2 4 0I G V E K P M F E I V C T K Q T V I P N T E D V I H L H L R E T G M M F Y L S K G S P M T I S N N V E A C L I D V F K S V G I T P P E D W N S L F W I P H P G G
A a O K S2 4 0I G V E K P M F E I V C A K Q T V I P N S E D V I H L H M R E A G L M F Y M S K D S P E T I S N N V E A C L V D V F K S V G M T P P E D W N S L F W I P H P G G
M s C H S3 0 7P A I L D Q V E Q K L A L K P E K M N A T R E V L S E Y G N M S S A C V L F I L D E M R K K S T Q N G L K T T G E G L E W G V L F G F G P G L T I E T V V L R S
P s S T S3 1 0P A I L D R V E A K L N L D P T K L I P T R H V M S E Y G N M S S A C F H F I L D Q T R K A S L E N G F S T T G E G L E M G V L F G F G - G L T I E T V V L K S
G h 2 P S3 1 2R A I L D Q V E R K L N L K E D K L R A S R H V L S E Y G N L I S A C V L F I I D E V R K R S M A E G K S T T G E G L D C G V L F G F G P G M T V E T V V L R S
A a P C S3 2 0R A I L D Q V E A K L K L R P E K F R A A R T V L W D Y G N M V S A S V G Y I L D E M R R K S A A K G L E T Y G E G L E W G V L L G F G P G I T V E T I L L H S
A a O K S3 2 0R A I L D Q V E A K L K L R P E K F R A T R T V L W D C G N M V S A C V L Y I L D E M R R K S A D E G L E T Y G E G L E W G V L L G F G P G M T V E T I L L H S
M s C H S3 8 7V A I - - - - - - - - - 3 8 9
P s S T S3 8 9V P I Q - - - - - - - - 3 9 2
G h 2 P S3 9 2V R V T A A V A N G N - 4 0 2
A a P C S4 0 0L P L M - - - - - - - - 4 0 3
A a O K S4 0 0L P L M - - - - - - - - 4 0 3
338
256
197Cys
His
Asn
ᅗ䠏㻌 䊢ᆺ 3.6ࡢ䜰䝭䝜㓟㓄ิ䛾ẚ㍑
MsCHS㸹Medicago sativa CHS㸪PsSTS㸹Pinus sylvestris STS㸪Gh2PS㸹Gebera hybrida 2-PS㸪AaPCS㸹Aloe 
arboescens PCS㸪AaOKS㸹A.arborescens OKS㸬ゐ፹ṧᇶ Cys-His-Asnࢆ⅊Ⰽ࡛㸪࢟ࣕࣅࢸ࢕ࢆᵓᡂࡍࡿ
197, 256, 338␒ṧᇶ㸦CHSࢼࣥࣂࣜࣥࢢ㸧ࢆ▮༳࡛♧ࡍ㸬
CoAS OH
O O
PCS WT
O
O
HO
OH
CoAS OH
O O
OKS WT & PCS M207G
 5 x
 8 x
O
SEnzO
O
O
O
O
O
HO O
HO
OH
O
O
O SEnz
O
O
O
O
O
HO O
OH
HOO
O
O
O SEnz
O
O
O
O
O O
O
O
O
O
OH
HO
OCoAS OH
O O
PCS F80A/Y82A/M207G
9 x
O
O
O
O O
O
SEnz
O
O
O
-CO2
OKS N222G
CoAS OH
O O10 x
OOH
O
HO O
HO
O
O
O SEnz
O
O
O O
O
OH
OH
O
O
OKS F66L/N222G
CoAS OH
O O12 x
OOH
O
HO O
O
O
O SEnzO
O O
O
OH
OH
O
OO
O
O HO
OH
5,7-dihydroxy-2-methylchromone
nonaketide naphtopyrone
SEK4
SEK4b
SEK15
TW95a
ᅗ㸲 ࢔࢚ࣟ⏤᮶ 3&6࡜ 2.6ࡢ㒊఩≉␗ⓗኚ␗ᑟධ࡟ࡼࡿ࣐ࣟࢽࣝ &R$⦰ྜᩘࡢไᚚ

㸫㸫
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 ࢔࣑ࣀ㓟࡛ࣞ࣋ࣝ஫࠸࡟ 92%࡜࠸࠺㠀ᖖ࡟㧗࠸㓄ิ┦ྠᛶࢆ♧ࡍࡇࡢ㸰ࡘࡢ㓝⣲ࡀ㸪ࡇࡢࡼ࠺࡟඲ࡃ
␗࡞ࡿ⏕ᡂ≀ࢆ୚࠼ࡿࡢࡣఱᨾ࠿㸪࣐ࣟࢽࣝ CoA ࡢ⦰ྜᅇᩘࡢ㐪࠸ࢆỴᐃࡍࡿせᅉࡣఱ࠿㸽ࡇࢀࡽ㸰
ࡘࡢ㓝⣲࡟࠾࠸࡚ࡣ㸪㸱ࡘࡢゐ፹ṧᇶ Cys164㸪His303㸪Asn336ࡀࡍ࡭࡚ಖᏑࡉࢀ࡚࠸ࡿ୍᪉࡛㸪Ϫᆺ
PKSࡢࣉࣟࢺࢱ࢖ࣉ࡜ࡶゝ࠼ࡿ CHSࡢάᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࢆᵓᡂࡍࡿ࢔࣑ࣀ㓟ṧᇶ Thr197㸪Gly256㸪
Ser338ࡀ 5)㸪PCS࡛ࡣ Met207/Leu266/Val351㸪OKS࡛ࡣ Gly207/Leu266/Val351࡟⨨᥮ࡉࢀ࡚࠸ࡿࡢࡀ≉
ᚩⓗ࡛࠶ࡿ㸦ᅗ㸱㸧㸬ࡑࡇ࡛ᡃࠎࡣ㸪CHSࡢ Thr197ṧᇶࡀ㸪PCS࡟࠾࠸࡚ࡣMet207࡟㸪ࡲࡓ㸪OKS࡟
࠾࠸࡚ࡣ Gly207࡟⨨᥮ࡉࢀ࡚࠸ࡿࡇ࡜࡟╔┠ࡋ㸪PCSࡢMet207ࢆ Gly࡟ኚ᥮ࡋࡓ㒊఩≉␗ⓗኚ␗㓝⣲
ࢆసᡂࡋ࡚ኚ␗ࡀ㓝⣲άᛶ࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚⢭ᰝࡋࡓ㸬ࡑࡢ⤖ᯝ㸪PCSࡢ M207G⨨᥮యࡢ㓝⣲ά
ᛶࡀ๻ⓗ࡟ኚ໬ࡋ㸪㸳ศᏊ࠿ࡽ㸶ศᏊ࡬࡜࣐ࣟࢽࣝ CoAࡢ⦰ྜᅇᩘࢆቑຍࡋ࡚㸪OKSࡢ⏕ᡂ≀࡛࠶ࡿ
SEK4/SEK4bࢆ⏕ᡂࡍࡿࡇ࡜ࡀุ᫂ࡋࡓ㸦ᅗ㸲㸧㸬
ḟ࡟㸪PCS㔝⏕ᆺ㸪ཬࡧ㸪ࡑࡢM207Gኚ␗ᆺ㓝⣲࡟ࡘ࠸࡚㸪1.6 Åࡢศゎ⬟࡛⤖ᬗᵓ㐀ࢆゎ᫂ࡋࡓ 8)㸬
ᇶ㉁≉␗ᛶ࡜⏕ᡂ≀≉␗ᛶࡣ᫂ࡽ࠿࡟␗࡞ࡿࡶࡢࡢ㸪࢔࣑ࣀ㓟࡛ࣞ࣋ࣝ஫࠸࡟ 60%ࡢ┦ྠᛶࢆ♧ࡍ CHS
ࡢ⤖ᬗᵓ㐀࡜㸪άᛶ୰ᚰࢆᵓᡂࡍࡿṤ࡝ࡢ࢔࣑ࣀ㓟ṧᇶࢆ㔜ࡡࡿࡇ࡜ࡀྍ⬟࡛࠶ࡗࡓ㸬୍᪉㸪άᛶ୰ᚰ
࢟ࣕࣅࢸ࢕ࡢ኱ࡁࡉࡣ PCSࡢ᪉ࡀ᫂ࡽ࠿࡟ᑠࡉࡃ㸪ࡋ࠿ࡶ CHSࡢάᛶ୰ᚰ࢟ࣕࣅࢸ࢕࡟ぢ࠸ࡔࡉࢀࡓ
ࢡ࣐ࣟ࢖ࣝ⤖ྜ࣏ࢣࢵࢺࡀ㸪PCSࡢάᛶ୰ᚰ࢟ࣕࣅࢸ࢕࠿ࡽḞᦆࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓ㸦ᅗ㸳㸧㸬
ࡉࡽ࡟㸪PCS M207Gኚ␗㓝⣲ࡢ X⥺⤖ᬗᵓ㐀ゎᯒ࡬࡜◊✲ࢆ㐍ࡵࡓ⤖ᯝ㸪Met207ࢆ Gly࡟⨨᥮ࡍࡿ
ࡇ࡜࡛㸪ࡑࢀࡲ࡛ᚋ᪉࡟ࡶ࡜ࡶ࡜ᇙࡶࢀ࡚࠸ࡓ᪂つ࣏ࢣࢵࢺࡀ㸪M207G ኚ␗㓝⣲ࡢ࢟ࣕࣅࢸ࢕ࡢ୍㒊
࡜࡞ࡾ㸪ࡑࡢ኱ࡁࡉࡀ๻ⓗ࡟ኚ໬ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓ㸦ᅗ㸳㸧㸬ᮏ⤖ᯝࡣ㸪M207G ኚ␗ࡢᑟධ࡟ࡼࡾ㸪
᪂つ࣏ࢣࢵࢺࡢධࡾཱྀࡀ㛤ࡁ㸪ࡇࡢ᪂つ࣏ࢣࢵࢺࢆ฼⏝ࡍࡿࡇ࡜࡛㸪PCS M207G ኚ␗㓝⣲ࡀ࣏ࣜࢣࢱ
࢖ࢻ㙐ࡢఙ㛗ࢆࡉࡽ࡟㐍⾜ࡉࡏ࡚㸪㸶ศᏊࡢ࣐ࣟࢽࣝ CoA⦰ྜࢆྍ⬟࡟ࡋࡓ࡜⪃ᐹ࡛ࡁࡿ㸦ᅗ㸳㸧㸬ࡲ
ࡓ㸪PCS࡟࠾࠸࡚ࡣ㸪STS࡟ࡳࡽࢀࡿࡼ࠺࡞㛢⎔཯ᛂࡢไᚚ࡟㔜せ࡜ࡉࢀࡿ Ser338ṧᇶ㏆ഐࡢỈศᏊࢆ
௓ࡋࡓỈ⣲⤖ྜࡢࢿࢵࢺ࣮࣡ࢡ 9)ࡣほᐹࡉࢀࡎ㸪༢࡟άᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࡢ኱ࡁࡉ࡜ᙧ≧ࡢኚ໬࡟ࡼࡗ
࡚⏕ᡂ≀ࡢ≉␗ᛶࡀỴᐃࡉࢀࡿࡶࡢ࡜⪃࠼ࡽࢀࡓ㸬ࡑࡇ࡛㸪PCSࡢࡉࡽ࡞ࡿゐ፹ᶵ⬟ࡢᣑᙇࢆ┠ⓗ࡜ࡋ
࡚㸪PCS M207Gኚ␗㓝⣲ࡢ࣏ࢣࢵࢺࡢᗏ㠃ࢆᙧᡂࡍࡿ Phe80, Tyr82ࡢ㸰ࡘࡢⰾ㤶᪘ṧᇶࢆ㸪ྠ᫬࡟ Ala
࡛⨨᥮ࡋࡓF80A/Y82A/M207G୕㔜ኚ␗㓝⣲ࢆసᡂࡋࡓ࡜ࡇࢁ㸪௒ᗘࡣ࣐ࣟࢽࣝCoA㸷ศᏊࢆ⦰ྜࡋ࡚㸪
ࡇࢀࡲ࡛࡟౛ࡢ࡞࠸㸱⎔ᛶࢼࣇࢺࣃ࢖ࣟࣥ㦵᱁ࢆ᭷ࡍࡿ㠀ኳ↛ᆺ᪂つࣀࢼࢣࢱ࢖ࢻࢆ⏕ᡂࡍࡿࡇ࡜࡟
ᡂຌࡋࡓ㸦ᅗ㸲㸪㸳㸧10)㸬
 ୍᪉㸪ᮏ᮶㸶ศᏊࡢ࣐ࣟࢽࣝ CoAࢆ⦰ྜࡍࡿ OKS࡟ࡘ࠸࡚ࡶ㸪2.6 Åࡢศゎ⬟࡛⤖ᬗᵓ㐀ࢆゎ᫂ࡋ㸪
PCSࡢ M207Gኚ␗㓝⣲࡜࡯ࡰྠ୍ࡢάᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࢆ᭷ࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸦ᅗ㸳㸧11)㸬ࡲ
ࡓ㸪࣏ࣜࢣࢱ࢖ࢻ㙐ࡀఙᙇࡋ࡚࠸ࡃ㝿࡟ቨ࡜࡞ࡿ Asn222ṧᇶ࡟ Glyኚ␗ࢆᑟධࡋࡓ⤖ᯝ㸪࣐ࣟࢽࣝ CoA
ࡢ⦰ྜᅇᩘࡀ㸯㸮ศᏊࡲ࡛ᣑ኱ࡋ࡚㸪࣋ࣥࢰࣇ࢙ࣀࣥㄏᑟయ SEK15 ࢆ༢୍⏕ᡂ≀࡜ࡋ࡚㧗཰⋡࡛⏕ᡂ
ࡍࡿࡇ࡜ࢆぢฟࡋࡓ㸦ᅗ㸲㸧11)㸬ࡉࡽ࡟㸪ࡇࡢኚ␗㓝⣲ࡢ X⥺⤖ᬗᵓ㐀ゎᯒ࡟ࡶᡂຌࡋ㸪N222Gኚ␗ࡢ
㸫㸫
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 ᑟධ࡟ࡼࡗ࡚࢟ࣕࣅࢸ࢕ࡀࡉࡽ࡟ᣑ኱ࡍࡿࡇ࡜㸦ᅗ㸳㸧12)㸪ཬࡧ㸪ࡑࡢ࣏ࢣࢵࢺࡢᗏ㒊ࢆᙧᡂࡍࡿ F66
ṧᇶࢆ N222Gኚ␗࡜ྠ᫬࡟ Leu࡟⨨᥮ࡍࡿࡇ࡜࡟ࡼࡾ㸪㸯㸰ศᏊࡲ࡛࣐ࣟࢽࣝ CoAࡢ⦰ྜᅇᩘࡀᣑ኱
ࡋ࡚㸪ࢼࣇࢺࣇ࢙ࣀࣥㄏᑟయ TW95aࢆ⏕ᡂࡍࡿࡇ࡜ࢆ᪤࡟☜ㄆࡋ࡚࠸ࡿ㸦ᅗ㸲㸪㸳㸧12)㸬
ᅗ㸳 3&6࡜ 2.6ࡢ㔝⏕ᆺཬࡧኚ␗㓝⣲࡜ &+6ࡢάᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࡢẚ㍑࡜ᶍᘧᅗ
X ⥺⤖ᬗᵓ㐀ゎᯒ࡟ࡼࡾᚓࡽࢀࡓࢱࣥࣃࢡ㉁ࡢ❧యᵓ㐀࡟ࡼࡿẚ㍑㸬ࡇࡢ࠺ࡕ PCS ࡢ
F80A/Y82A/M207G୕㔜ኚ␗㓝⣲࡜ OKSࡢ F66L/N222G஧㔜ኚ␗㓝⣲ࡢ❧యᵓ㐀ࡣ㸪ศᏊࣔࢹࣜࣥࢢ࡟
ࡼࡾண ࡋࡓࡶࡢ㸬
㸫㸫
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㸲㸬ேᕤᇶ㉁ࢆࣉ࣮ࣟࣈ࡜ࡋࡓ㠀ኳ↛ᆺ໬ྜ≀ࡢ๰ฟ
ୖ㏙ࡣࡋ࡞࠿ࡗࡓࡀ㸪ᡃࠎࡣ㸪໬Ꮫⓗ࡟ྜᡂࡋࡓேᕤᇶ㉁ࢆࣉ࣮ࣟࣈ࡜ࡋ࡚㓝⣲࡟స⏝ࡉࡏࡿࡇ࡜࡟
ࡼࡾ㸪Ϫᆺ PKSࡀ㓝⣲࡜ࡋ࡚ࡣ␗౛࡜ࡶゝ࠼ࡿᐶᐜ࡞ᇶ㉁≉␗ᛶࢆ♧ࡍࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋ࡚ࡁࡓ 2)㸬౛
࠼ࡤ㸪CHS࡜ STSࡣ㸪ᮏ᮶㸪ࢡ࣐ࣟ࢖ࣝ CoAࢆ㛤ጞᇶ㉁࡜ࡋ࡚㸪ࡑࢀࡒࢀࢼࣜࣥࢤࢽࣥ࢝ࣝࢥࣥ࡜ࣞ
ࢫ࣋ࣛࢺ࣮ࣟࣝ࡬ࡢኚ᥮ࢆゐ፹ࡍࡿϪᆺ PKS࡛࠶ࡿࡀ㸦ᅗ㸯㸧㸪ࢡ࣐ࣟ࢖ࣝᇶࡢⰾ㤶⎔ࡢỈ㓟ᇶࢆࣇࢵ
⣲ࡸ࣓ࢺ࢟ࢩᇶ࡛⨨᥮ࡋࡓ࢚ࢫࢸࣝ㸪࠶ࡿ࠸ࡣ㸪ⰾ㤶⎔ࢆࣇࣛࣥࡸࢳ࢜ࣇ࢙ࣥ➼ࡢ࣊ࢸࣟⰾ㤶⎔࡛⨨᥮
ࡋࡓᇶ㉁࢔ࢼࣟࢢࢆస⏝ࡉࡏࡿ࡜㸪඲࡚ࡀ㓝⣲཯ᛂࡢ㛤ጞᇶ㉁࡜ࡋ࡚ᶵ⬟ࡋ㸪࣐ࣟࢽࣝ CoA ࢆ㸱ศᏊ
ࡲ࡛⦰ྜࡋ࡚㸪୍㐃ࡢ㠀ኳ↛ᆺ᪂つ໬ྜ≀ࢆ⏕ᡂࡍࡿ㸦ᅗ㸴㸧13, 14)㸬
2f : X = O
2g: X = S
 4a: X = OH
 4b: X = F
1a: X = OH
1b: X = F
1c: X = Cl
1d: X = Br
1e: X = OCH3
3f : X = O
3g: X = S
4f : X = O
4g: X = S
5f : X = O
5g: X = S
1f : X = O
1g: X = S
2a: X = OH
2b: X = F
2c: X = Cl
2d: X = Br
2e: X = OCH3
3a: X = OH
3b: X = F
3c: X = Cl
3d: X = Br
3e: X = OCH3
 5a: X = OH
 5b: X = F
+ 2 x malonyl-CoA + 3 x malonyl-CoA
CHS & STS
CHS STS
+ 3 x malonyl-CoA + 3 x malonyl-CoA
CoAS
O
X
CoAS
O
X
O
OH
O
X
O
OH
O
X
O
OH
O
O
X
O
OH
O
O
X
OH
OHHO
O
X
OH
OHHO
O
X
OH
HO
X
OH
HO
X
ᅗ㸴 &+6࡜ 676ࡀ♧ࡋࡓᐶᐜ࡞ᇶ㉁≉␗ᛶ࡜₯ᅾ⬟ຊ

 ࡑࡇ࡛㸪OKS࡟ࢡ࣐ࣟ࢖ࣝ CoAࢆ㛤ጞᇶ㉁࡜ࡋ࡚స⏝ࡉࡏࡓ⤖ᯝ㸪ࢡ࣐ࣟ࢖ࣝ CoA࡟㸳ศᏊ࠶ࡿ࠸
ࡣ㸴ศᏊࡢ࣐ࣟࢽࣝ CoAࡀ⦰ྜࡢᚋ㸪࢔ࣝࢻ࣮ࣝᆺ⦰ྜ࡟ࡼࡾⰾ㤶⎔ࢆᙧᡂࡋࡓ㠀ኳ↛ᆺ᪂つ C19ࢫࢳ
ࣝ࣋ࣥཬࡧ C21࢝ࣝࢥࣥࡀ⏕ᡂࡉࢀࡿࡇ࡜ࢆぢฟࡋࡓ㸦ᅗ㸵㸧11)㸬୍᪉㸪⤖ᬗᵓ㐀࡟ᇶ࡙ࡁάᛶ୰ᚰ࢟
ࣕࣅࢸ࢕ࢆᣑ኱ࡋࡓ OKSࡢ N222Gኚ␗㓝⣲࡟ࢡ࣐ࣟ࢖ࣝ CoAࢆ㛤ጞᇶ㉁࡜ࡋ࡚స⏝ࡉࡏࡿ࡜㸪⏕ᡂ≀
ࡢ๭ྜࡀ๻ⓗ࡟ኚ໬ࡋ࡚㸪SEK4/SEK4b ࡢ⏕ᡂ㔞ࡀῶᑡࡍࡿ୍᪉࡛㸪C21࢝ࣝࢥࣥࡢ⏕ᡂ㔞ࡀ㣕㌍ⓗ࡟
ቑ኱ࡋ㸪୺⏕ᡂ≀࡜ࡋ࡚୚࠼ࡿࡇ࡜ࢆぢฟࡋࡓ㸦ᅗ㸵㸧11)㸬ᮏኚ␗㓝⣲ࡣ㸪C21࢝ࣝࢥࣥࡢ⏕ᡂ࡟ࡼࡾ
㸫㸫―8―
 ≉໬ࡋࡓ࡜ゝ࠼ࡿ㸬≀㉁⏕⏘ࢆ⪃࠼ࡿ࠺࠼࡛⏕⏘ᛶࡢྥୖࡶ㔜せ࡞せ⣲࡛࠶ࡾ㸪Ⅼኚ␗ࡢᑟධ࡟ࡼࡾ࣐
ࣟࢽࣝCoA⦰ྜᅇᩘࢆቑຍࡉࡏࡓࡔࡅ࡛࡞ࡃ㸪ᇶ㉁≉␗ᛶࢆࡶ኱ᖜ࡟ኚ໬ࡉࡏࡓࡇ࡜ࡣὀ┠࡟್ࡍࡿ㸬
Ϫᆺ PKSࡢ⏕యゐ፹࡜ࡋ࡚ࡢࡉࡽ࡞ࡿྍ⬟ᛶࢆ♧ࡍ⤖ᯝ࡛࠶ࡿ࡜⪃࠼࡚࠾ࡾ㸪⌧ᅾ㸪࣐ࣟࢽࣝ CoA⦰
ྜᅇᩘࡢࡉࡽ࡞ࡿቑ኱࡜ᇶ㉁≉␗ᛶࡢᨵኚࢆ┠ᣦࡋ㸪ᇶ㉁ࡸ㓝⣲཯ᛂ୰㛫య࢔ࢼࣟࢢ࡜ࡢ」ྜయ❧యᵓ
㐀ゎᯒ࡜ࢻࢵ࢟ࣥࢢࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡿ㓝⣲ゐ፹ᶵᵓࡢゎᯒ࡜ኚ␗ᑟධᐇ㦂ࡀ㐍⾜୰࡛࠶ࡿ㸬
O O
OHCoAS
O O
OHCoAS
6 x+ HO
OH O
O
HO O
O
O O
O
O SEnz
O
OHOH
5 x+
O
SEnzO
O
O
O
OHO
HO
OH
O
OHOH
O
O
CoAS
O
OH
SEK4
SEK4b
SEK4
SEK4b
min min
A280A280
C21 chalcone
C19 stilbene
C21 chalcone
C19 stilbene
OKS WT OKS N222G
C21 chalcone
C19 stilbene
OKS WT & OKS N222G
ᅗ䠓㻌 ࢡ࣐ࣟ࢖ࣝ &R$ࢆ㛤ጞᇶ㉁࡜ࡋࡓ࡜ࡁࡢ 2.6㔝⏕ᆺ࡜ࡑࡢ 1*ኚ␗㓝⣲ࡢ཯ᛂ⏕ᡂ≀
㸳㸬ࢺ࢘ࢤࢩࣂ⏤᮶ 3.6ࢆ฼⏝ࡋࡓ㠀ኳ↛ᆺ᪂つ࢔ࣝ࢝ࣟ࢖ࢻࡢ๰ฟ
 ࢺ࢘ࢤࢩࣂ Huperzia serrata⏤᮶ PKS1ࡣ㸪Ϫᆺ PKSࡢ୰࡛ࡶ≉࡟ᐶᐜ࡞ᇶ㉁≉␗ᛶࢆ᭷ࡍࡿϪᆺ㓝
⣲࡛࠶ࡿ 15)㸬ୖ㏙ࡋࡓࡼ࠺࡟㸪Ϫᆺ PKSࡣ㸪C, H, OཎᏊ࡛ᵓᡂࡉࢀࡿ㸪༢⣧࡞ࠕ࢝ࣝ࣎ࢽࣝࡢ໬Ꮫࠖ
ࢆゐ፹ࡍࡿࡀ㸪ࡇࡇ࡛㸪ࡉࡽ࡟ NཎᏊ➼ࡢ࣊ࢸࣟཎᏊࢆᑟධࡋࡓேᕤᇶ㉁ࢆస⏝ࡉࡏࢀࡤ㸪NཎᏊࡢሷ
ᇶᛶࢆ฼⏝ࡋࡓ᪂ࡓ࡞ C-N⤖ྜࡸ C-C⤖ྜࡢᙧᡂࡶྍ⬟࡟࡞ࡿ㸬ࡑࡇ࡛㸪PKS1࡟㸪࢝ࣝࣂࣔ࢖ࣝᇶࢆ
᭷ࡍࡿᏳᜥ㤶㓟ࡸࣆࢥࣜࣥ㓟➼ࡢ CoA࢚ࢫࢸࣝࢆ࣐ࣟࢽࣝ CoA㸦࠶ࡿ࠸ࡣ࣓ࢳ࣐ࣝࣟࢽࣝ CoA㸧࡜࡜
ࡶ࡟స⏝ࡉࡏࡓ⤖ᯝ㸪㸰ศᏊࡢ࣐ࣟࢽࣝ CoAࡢ⦰ྜࡢᚋ㸪཯ᛂᛶ࡟ᐩࡴ β-࣏ࣜࢣࢺ࣓ࢳࣞࣥ୰㛫య࠿
ࡽࢩࢵࣇሷᇶࡢᙧᡂࢆ௓ࡋࡓ㸰ᅇࡢ C-N⤖ྜᙧᡂ཯ᛂࡀ㐍⾜ࡋ࡚㸪6.5.6⦰ྜ⎔ᵓ㐀ࢆࡶࡘ㠀ኳ↛ᆺ᪂
つࣆࣜࢻ࢖ࢯ࢖ࣥࢻ࣮ࣝ㸦ࡲࡓࡣࣆࣜࢻ࢖ࣥࢻࣜࢪࣥ㸧㦵᱁ࢆ⏕ᡂࡍࡿࡇ࡜ࡀุ᫂ࡋࡓ㸦ᅗ㸶㸧15)㸬
㸫㸫
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 O O
OHCoAS
X
SCoA
NH2
O
O
2 x+
X
NH2
O
O
SEnz
OO
R
R
X
N
O
O
OH
R
R
X = C: 2-carbamoylbenzoyl-CoA
X = N: 3-carbamoylpicolinyl-CoA
R = H or CH3
R = H or CH3
R
O O
OHCoAS
SCoA
NH2
O
O
2 x+ NH2
O
O
SEnz
OO
N
O
O
OH
3-carbamoyl-2-naphthoyl-CoA  
ᅗ䠔㻌 䝖䜴䝀䝅䝞⏤᮶㻌㻼㻷㻿㻝䛜♧䛧䛯₯ᅾⓗゐ፹⬟ຊ䛸㠀ኳ↛ᆺ᪂つ䜰䝹䜹䝻䜲䝗㦵᱁䛾⏕⏘㻌
㻌
 
Phe225 Phe225 Phe225
O
N
O
S
H
H O
N
O
H
H
S
O
N
O
O
O
Phe225
+ malonyl-CoA + malonyl-CoA
Cys174 Cys174Cys174Cys174 Ser348Ser348 Ser348 Ser348
Phe225
Cys174 Ser348
Phe225
Cys174 Ser348
S
HN
O
OH
O
S
O
HN
O
S
O
OO OO
O O
O
N
O
O
HO
S
O
O
O
O
N H
H
HH H
H H
H
Asn346
N
O
H
HAsn346
N
O
H
HAsn346
N
O
H
HAsn346
N
O
H
H
Asn346
N
O
H
HAsn346
N
O
H
H
 
ᅗ㸷 3.6㔝⏕ᆺ࡟ࡼࡿ ࣆࣜࢻ࢖ࢯ࢖ࣥࢻ࣮ࣝ㦵᱁ࡢ⏕⏘
Ϫᆺ PKSࡀ㸰ᅇࡢ C-N⤖ྜᙧᡂ཯ᛂࢆゐ፹ࡋࡓࡢࡣࡇࢀࡀ᭱ึ࡛࠶ࡿ㸬ࡑࡇ࡛㸪PKS1ࡀゐ፹ࡍࡿࣆ
ࣜࢻ࢖ࢯ࢖ࣥࢻ࣮ࣝ㦵᱁࡬ࡢ㓝⣲཯ᛂᶵᵓࡢゎ᫂࡜ࡉࡽ࡞ࡿ᪂つ࢔ࣝ࢝ࣟ࢖ࢻࡢ๰ฟࢆ┠ⓗ࡜ࡋ࡚㸪
PKS1ࡢ X⥺⤖ᬗᵓ㐀ゎᯒ࡜㸪㓝⣲཯ᛂ୰㛫య࡜ࡢࢻࢵ࢟ࣥࢢࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓ 15)㸬ࡲࡎ㸪2.0 
Åࡢศゎ⬟࡛ PKS1ࡢ⤖ᬗᵓ㐀ࢆᚓࡓ 12)㸬ḟ࡟㸪ࣆࣜࢻ࢖ࢯ࢖ࣥࢻ࣮ࣝ࡬ࡢ㓝⣲཯ᛂ୰㛫యࡢ❧యࣔࢹ
㸫㸫
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 ࣝࢆసᡂࡋ㸪PKS1 ࡢ⤖ᬗᵓ㐀࡜ࡢࢻࢵ࢟ࣥࢢࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓ⤖ᯝ㸪άᛶ୰ᚰ࢟ࣕࣅࢸ࢕ࢆ
ᵓᡂࡍࡿ Ser348ࡀ㸪࣐ࣟࢽࣝ CoAࡢ⦰ྜᅇᩘ࡜㛢⎔཯ᛂࡢไᚚ࡟≉࡟㔜せ࡞ᙺ๭ࢆ₇ࡎࡿྍ⬟ᛶࡀ♧
ࡉࢀࡓ㸦ᅗ㸷㸧㸬ࡑࡇ࡛㸪Ser348ࢆ Gly, Cys, Thr, Alaࡲࡓࡣ Val࡟⨨᥮ࡋࡓⅬኚ␗㓝⣲ࢆసᡂࡋ࡚㸪ࡑࡢ
㓝⣲άᛶ࡟ࡘ࠸࡚⢭ᰝࡋࡓ࡜ࡇࢁ㸪S348Gኚ␗యࡀ㸪6.5.6⦰ྜ⎔ᵓ㐀ࡢࣆࣜࢻ࢖ࢯ࢖ࣥࢻ࣮ࣝࡢ⏕ᡂ࡜
࡜ࡶ࡟㸪࢝ࣝࣂࣔ࢖ࣝᏳᜥ㤶㓟ࡢ CoAࢳ࢚࢜ࢫࢸࣝ࡟㸱ศᏊࡢ࣐ࣟࢽࣝ CoAࢆ⦰ྜࡢᚋ㸪ࢩࢵࣇሷᇶ
ࡢᙧᡂࢆ௓ࡋࡓ C-N⤖ྜ࡜ C-C⤖ྜࡢᙧᡂࢆ㐍⾜ࡋ࡚㸪⎔ᣑ኱ࡋࡓ 6.7.6⦰ྜ⎔ᵓ㐀ࢆࡶࡘ㠀ኳ↛ᆺ᪂
つࢪ࣋ࣥࢰ࢔ࢮࣆࣥ㦵᱁ࢆ࠶ࡽࡓ࡟⏕ᡂࡍࡿࡇ࡜ࡀุ᫂ࡋࡓ㸦ᅗ㸯㸮㸧㸬⌧ᅾ㸪ࡉࡽ࡞ࡿ㓝⣲ゐ፹ᶵ⬟
ࡢᣑᙇ࡜᪂つ࢔ࣝ࢝ࣟ࢖ࢻࡢ๰ฟࡀ㐍⾜୰࡛࠶ࡿ㸬୍᪉㸪ࡇࡢࢪ࣋ࣥࢰ࢔ࢮࣆࣥࡣ㸪࣓ࢳࢩࣜࣥឤཷᛶ
㯤Ⰽࣈࢻ࢘⌫⳦࡟ᑐࡋ࡚㸪ࣂ࢖࢜ࣇ࢕࣒ࣝᙧᡂ㜼ᐖάᛶࢆ♧ࡋࡓ㸦MIC = 12 g/ml㸧15)㸬ࣂ࢖࢜ࣇ࢕ࣝ
࣒ࡢᙧᡂࡣ㸪ேࡢච␿ࡸᢠ⏕≀㉁࡟ᑐࡍࡿ⣽⳦ࡢ㜵ᚚᶵᵓࡢ୍ࡘ࡛࠶ࡾ㸪᭱ ㏆࡛ࡣࣂ࢖࢜ࣇ࢕࣒ࣝᙧᡂ
㜼ᐖࢆࢱ࣮ࢤࢵࢺ࡜ࡋࡓᢠ⏕≀㉁ࡢ㛤Ⓨ࡟ࡶ⯆࿡ࡀᣢࡓࢀ࡚࠸ࡿ㸬ࢪ࣋ࣥࢰ࢔ࢮࣆࣥㄏᑟయࡀࣂ࢖࢜ࣇ
࢕࣒ࣝᙧᡂ㜼ᐖࢆ♧ࡋࡓࡢࡣࡇࢀࡀ᭱ึ࡛࠶ࡾ㸪ᵓ㐀ᶵ⬟άᛶ┦㛵࡜࡜ࡶ࡟㸪ࣂ࢖࢜ࣇ࢕࣒ࣝᙧᡂ㜼ᐖ
ᶵᵓ࡟ࡶ⯆࿡ࡀᣢࡓࢀࡿ࡜ࡇࢁ࡛࠶ࡿ㸬
 
PKS1
PKS1 S348G
 
ᅗ㸯㸮 3.66*ኚ␗㓝⣲࡟ࡼࡿ ࢪ࣋ࣥࢰ࢔ࢮࣆࣥ㦵᱁ࡢ⏕⏘
㻌
㸴㸬࠾ࢃࡾ࡟
 Ϫᆺ PKS ࡢ␗౛࡜ࡶゝ࠼ࡿᐶᐜ࡞ᇶ㉁≉␗ᛶ࡜₯ᅾⓗゐ፹⬟ຊࢆά⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࡲࡓ㸪ྜ⌮
ⓗ࡞ேᕤᇶ㉁ࡢタィ࡜⤖ᬗᵓ㐀࡟ᇶ࡙ࡃᶵ⬟ᨵኚ㓝⣲ࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡟ࡼࡾ㸪᪂つ⏕యゐ፹ࡢ㛤Ⓨ
࡜㠀ኳ↛ᆺ᪂つ⏕≀άᛶ໬ྜ≀ࡢຠ⋡ⓗ࡞⏕⏘ࡀྍ⬟࡟࡞ࡿ㸬௒ᅇࡣ⤂௓ࡋ࡞࠿ࡗࡓࡀ㸪᪤࡟ᡃࠎࡣ㸪
ᮏ᮶㸪Ϫᆺ PKS࡜ P450㑏ඖ㓝⣲࡟ࡼࡾ㸪㸰ẁ㝵ࡢ཯ᛂࢆ⤒࡚⏕ᡂࡍࡿࢸࢺࣛࣁ࢖ࢻࣟࣅࢫࢹ࣓ࢺ࢟ࢩ
ࢡࣝࢡ࣑ࣥࡸ㸪Iᆺ PKS࡜㠀ࣜ࣎ࢯ࣮࣒౫Ꮡᛶ࣌ࣉࢳࢻྜᡂ㓝⣲࡜ࡢࣁ࢖ࣈࣜࢵࢻ⤒㊰࡟ࡼࡗ࡚⏕ྜᡂ
ࡉࢀࡿࢸࢺ࣑ࣛࣥ㓟㦵᱁ࢆ㸪Ϫᆺ PKSࡢࡳࢆ⏝࠸࡚๰ฟࡍࡿࡇ࡜➼࡟ࡶᡂຌࡋ࡚࠸ࡿ 4, 16)㸬୍᪉㸪Ϫᆺ
PKSࡢ཯ᛂᛶ࡟ᐩࢇࡔ࣏ࣜࢣࢺ࣓ࢳࣞࣥ୰㛫య࠿ࡽ㸪ࡉࡽ࡟ከᵝ࡞ศᏊෆ⎔໬཯ᛂࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀ
࡛ࡁࢀࡤ㸪ࡇࢀࡲ࡛௨ୖ࡟ศᏊከᵝᛶ࡟ᐩࢇࡔከ⎔ᛶ᪂つ໬ྜ≀⩌ࡢ๰ฟࡀྍ⬟࡟࡞ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪
㸫㸫
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 Ϫᆺ PKS ࡀゐ፹ࡍࡿ㛢⎔཯ᛂᶵᵓ࡟ࡘ࠸࡚ࡣᮍࡔ୙᫂࡞Ⅼࡀከ࠸࡜࠸࠺ࡢࡀ⌧≧࡛࠶ࡾ㸪ᐇ㝿࡟࡝ࡢ
ࡼ࠺࡟ࡋ࡚㛢⎔཯ᛂࡀ㐍⾜ࡍࡿࡢ࠿ࡣ⯆࿡῝࠸Ⅼ࡛࠶ࡿ㸬Ⅳ⣲㙐ఙ㛗཯ᛂࡢ㉳Ⅼ࡜࡞ࡿ Cysṧᇶ࠿ࡽࡢ
ࢳ࢚࢜ࢫࢸࣝ⤖ྜࡢ㛤⿣࡟ࡼࡿ࣏ࣜࢣࢱ࢖ࢻ㙐ࡢษࡾฟࡋ࡜ࢱ࢖࣑ࣥࢢ➼ࡀၥ㢟࡜࡞ࡿࡀ㸪ࡇࢀࡽ࡟ࡘ
࠸࡚ࡣ NMRἲࡸࢣ࣑࢝ࣝࣂ࢖࢜ࣟࢪ࣮ࡢᡭἲࢆ⏝࠸࡚ゎ᫂ࡋ࡚࠸ࡃࡇ࡜ࢆணᐃࡋ࡚࠸ࡿ㸬ࡲࡓ㸪Ϫᆺ
PKSࡢࡼ࠺࡞㦵᱁ᙧᡂ㓝⣲ࡢࡳ࡞ࡽࡎ㸪ࣉࣞࢽࣝᇶ㌿⛣㓝⣲ࡸ㓟໬㑏ඖ㓝⣲➼ࡢಟ㣭㓝⣲ࡢᇶ㉁≉␗ᛶ
ࡸ₯ᅾⓗゐ፹⬟ຊ࡟ࡘ࠸࡚ࡶゎᯒࢆ㐍ࡵ㸪ᑗ᮶ⓗ࡟ࡣ㸪㓴㓝ᕤᏛࡸ᳜≀௦ㅰᕤᏛ࡬࡜ᒎ㛤ࡋ࡚㸪ྜᡂ⏕
≀Ꮫⓗᡭἲ࡟ࡼࡿ≀㉁⏕⏘ࡸ㑇ఏᏊᑟධ࡟ࡼࡿ᪂ᶵ⬟㈿୚ᙧ㉁㌿᥮యࡢసฟ➼㸪ᐇ⏝࡟౪ࡍࡿ≀㉁⏕⏘
⣔ࡢ㛤Ⓨ࡟ࡶᣮᡓࡋࡓ࠸㸬
ㅰ㎡
ᮏ◊✲ࡣ㸪୺࡜ࡋ࡚㸪ᮾி኱Ꮫ኱Ꮫ㝔⸆Ꮫ⣔◊✲⛉ኳ↛≀໬Ꮫᩍᐊ㸪㟼ᒸ┴❧኱Ꮫ኱Ꮫ㝔⸆Ꮫ◊✲⛉
⏕⸆࣭ኳ↛≀໬Ꮫศ㔝㸪ཬࡧ㸪୕⳻໬Ꮫ⏕࿨⛉Ꮫ◊✲ᡤ࡛⾜ࢃࢀࡓࡶࡢ࡛࠶ࡿ㸬ࡈᣦᑟࡈ㠴᧡ࢆ㈷ࡾࡲ
ࡋࡓᮾி኱Ꮫ኱Ꮫ㝔⸆Ꮫ⣔◊✲⛉࣭㜿㒊㑳ᮁᩍᤵ㸪㟼ᒸ┴❧኱Ꮫ⸆Ꮫ㒊࣭㔝ཱྀ༤ྖᩍᤵ㸪୕⳻໬Ꮫ⏕࿨
⛉Ꮫ◊✲ᡤ࣭Ἑ㔝ಇஅ༤ኈ㸪୕⳻໬Ꮫ࣭ᮡᑿᡂಇ༤ኈ࡟῝⏒࡞ࡿឤㅰࢆ⏦ࡋୖࡆࡲࡍ㸬ࡲࡓ㸪ᮏ◊✲ࢆ
⾜࠺࡟࠶ࡓࡾ୰ᚰⓗᙺ๭ࢆᢸࡗ࡚ࡃࢀࡓ㟼ᒸ┴❧኱Ꮫ⸆Ꮫ㒊࣭㪭ῲΎྐຓᩍࢆࡣࡌࡵ㸪ᑾຊୗࡉࡗࡓከ
ࡃࡢ᪉ࠎ࡟࠾♩⏦ࡋୖࡆࡲࡍ㸬
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